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Chapter-1 
INTRODUCTION 
Plants are always exposed to a large number of pathogenic microorganisms both 
in the aerial as well as in the soil environment. Thus, plants, disease causing organisms 
and the surrounding environment form a triangle which involves various types of 
associations or interactions. Plant diseases have been found to affect the growth and 
productivity of crop plants. The causative agents of diseases in plants are the same or very 
similar to those causing diseases in humans and animals. These include pathogenic 
microorganism, such as viruses, bacteria, fungi, protozoa and nematodes and 
unfavourable environmental condition, such as lack or excess of nutrients, moisture, light, 
etc and the presence of toxic chemicals in air or soil. Plants also suffer from competition 
with other, unwanted plants (weed) and of course, they are often damaged by the attack of 
insects. 
Plant pathology is the study of the living entities and of the environmental factors 
that cause disease in plants, the mechanisms by which these factors induce diseases in 
plants and the methods of preventing disease and reducing the damage it causes. Plant 
pathology tries to increase our knowledge about various plant diseases and to develop 
methods, equipments and materials through which plant diseases can be avoided or 
controlled. 
The term 'seed pathology' denotes the science dealing with seed health and it is 
concerned with the seed-borne microorganisms which may be associated externally, 
internally or as concomitant contamination as selerotia, gall, fungal bodies, bacterial 
ooze, infected plants parts. The associated microorganisms may be pathogenic, weak 
parasite or saprophyte. Seed-borne microorganisms not only create problems in 
agriculture production but prove hazardous to animals and human beings. 
The increasing demand of healthy seeds in producing the disease free crops raised 
this new branch of phytopathology. Paul Neergaard who is known as the father of seed 
pathology served as the chairman of International Seed Testing Association (ISTA) from 
1956-1974 and during his tenure he helped to standardize methods for the detection of 
seed-borne fungi. Seed pathology makes a comprehensive study of the seed-borne 
diseases and pathogens, mechanism of infection seed transmission, role of seed-borne 
inocula in seed development, techniques for detection of seed-borne pathogen. 
Seed pathology involves the study and management of diseases affecting seed 
production and utilization, as well as disease management practices applied to seed. The 
present situation regarding problems and achievements in seed pathology and domestic 
and international quarantine in India needs to resolve present inadequacies in this 
country's quarantine legislation and for international alignment in seed health testing 
methods and a general information exchange on plant pathogen. (Raychaudhari et ai, 
1976). 
Seeds are a critical and basic input for enhancement of agricultural production and 
productivity in different agro-climatic region. Indian seed programme largely adheres to 
the limited generation system for seed multiplication. 
Seeds are regarded as highly effective means for transferring plant pathogens over 
the years. Numerous examples exist in agriculture literature for the international spread of 
plant diseases as a result of importation of seeds that were infected or contaminated with 
pathogens (Agarwal & Sinclair, 1996). Seed-borne diseases have been found to affect the 
growth and productivity of crop plants (Kubiak and Korbus, 1999). 
Seeds become infected and contaminated by spores produced on infected plant 
parts. Agricultural operations such as harvesting, stacking and threshing not only provide 
ample opportunity for seeds to become contaminated but also for causing injuries of 
various types to seeds. Moist weather at the time of these operations enhances the 
contamination of seeds. 
Seeds usually remain free, as long as they are in the field, against the ravages of 
certain fungi which always become predominant on the stored grains, especially when 
temperature and hxmiidity get high. Such a group of ftingi usually includes species of 
Aspergillus, Penicillium, Mucor etc. Prevailing climatic condition, particularly ample 
moisture at the time of emergence of ears and ripening of the seeds greatly influence the 
incidence of seed-borne ftingi. That is why incidence of seed-borne fungi shows annual 
and regional fluctuation (Hyde, 1950; Gordon, 1952; Hewett,1965; and Bhowmik,1969). 
Knowledge of this aspect can be helpful in predicting the possibility of a fungus 
becoming seed-borne, and a crop can be grown safely to produce seeds free or almost free 
from certain seed-borne pathogen. Pathogenic fungi alone can cause nearly 20% 
reduction in the yield of major food and cash crops (Agrios, 2000). 
Seed-borne mycoflora reduce the yield of crop plants both quantitatively and 
qualitatively. A seed-borne pathogen present externally or internally or associated with 
the seed as contaminant, may cause seed abortion, seed rot, seed necrosis, reduction or 
elimination of germination capacity as well as seedling damage resulting in the 
development of disease at later stages of plant growth by systemic or local infections. 
Seed-bome infection of fungal pathogen are important not only for its association with 
the seeds which cause germination failure and/or causing disease to the newly emerged 
seedlings or growing plants, but it also contaminate the soil by establishing its inocula 
permanently. 
Seed-bome fungi are important from economic point of view as they render losses 
in a number of ways. Some of the fungi infect the seed and cause discolouration of the 
seed (Christensen and Stakman, 1934; Bhowmik, 1969). Embryo of the seeds may turn 
black during storage: such discoloured and damaged grains are referred to as 'sick' and 
always associated with heavy invasion of storage fungi. Obviously discoloured and sick 
grains are treated inferior in quality. Thus, in most cases the seed infection with fungi 
reduces the yield of the crop and seed value of the grain. 
Many of the fungi have been found to be responsible to cause diseases such as 
black point or kernel bunt and discolouration of seeds (Shipton and Tweedie, 1968 and 
Joshie/fl/., 1970). 
Heavy losses have been observed to be caused by seed-bome pathogen in various 
crops, seed rots, seedling rot, i.e. pre and post emergence losses, diseases at various 
stages of plant growth like leaf spots, stem rot, wilt, blights, root rots, fmit rot etc, 
influence the crop stand and ultimate yield. The expectations of a cultivar are shattered if 
the seed used is not of a high quality and pathogen free. 
Since we have embarked on programme of crop improvement in a big way, it has 
necessitated the introduction of varieties of crop plants from all over the world and along 
with them we might be introducing new seed-bome pathogens. The plant quarantine 
section of the Division of mycology and plant pathology Indian Agricultural Research 
Institute, New Delhi, has intercepted different pathogens on cereal grains such as Tilletia 
foetida, T. caries, Fusarium graminearum, F. avenaceum, etc on wheat. Wheat {Triticum 
aestivum L.) which is considered as one of the most important cereal crop in the world, 
from as many as 120 different diseases around the world and out of which 42 are seed-
bome and about 35 diseases are caused by seed-bome fungi. 
In case of wheat, loose smut and bunts are the most important seed-bome disease. 
In developing countries the losses are quite high.In India 30-40 % losses have been 
reported. Alternaria triticina (Prasad and Prabhu, 1962) leaf blight resulted in 60% losses 
in some fields. 
Triticum aestivum, commonly known as 'Genhu' is the important cereal crop of 
Indian agriculture and food security system. Wheat is one of the main staple food or feed 
crop of several countries of Asia, Africa and is grown in almost all the temperate and 
subtropical regions of the world. It achieved highest yield of 76.37 m tones each year. It 
is an important food crop next to cereals in India and covers an area of more than 12 
million hectors. Wheat suffers from many diseases but the most destructive of them are 
the diseases caused by fungi, viz., rusts, smuts and bunts, leaf-spots and foot rots and 
mildews. 
Wheat plants at all stages of growth are subjected to numerous injuries and 
stresses, which interfere with their normal functioning and development. Each year about 
20% of the wheat that otherwise would be available for food and feed is lost due to 
diseases (Fakir, 1999). 
Seed health plays an important role for successful cultivation and obtaing a high 
yield. Among various factors that affect seed health, the most important are the seed-
borne fungi that not only lower seed germination, but also reduce seed vigor resulting in 
low yield. Healthy seed plays an important role not only for successful cultivation but 
also for increasing yield of crop. Seed-borne pathogens of wheat are responsible to cause 
variation in plant morphology and also reducing yield up to 15-90%, if untreated seeds 
are grown in the field (Wiese, 1984). Several seed-borne pathogens are known to be 
associated with wheat seed which are responsible for deterioration of seed quality during 
storage. 
The development of new varieties may also alter the disease situation, as is 
evident with respect to Alternaria species which seldom caused any damage but now 
have become a limiting factor for wheat production in recent years. Although Alternaria 
species existed in India since long, however, because of the introduction of new dwarf 
varieties of wheat, this disease has developed in an epidemic form and is widely prevalent 
in different states. 
Joshi et al. (1970) have reported the existence of leaf spot diseases of wheat from 
India, caused by Helminthosporium sorokianum, H. speciferum. The question about their 
seed-borne nature is still unexplored, though majority of these have also been considered 
by Noble and Richardson (1968) as seed-borne. 
Bhutta et al. (1999) have reported some seed-borne fungi of wheat. A total of 246 
seed samples collected and studied for their health status by using ISTA techniques. 
Among the important pathogens isolated were Alternaria triticina, Bipolar is sorokiniana, 
Fusarium graminearum and F. semitectum, B. sorokiniana appeared to be the major fungi 
in wheat growing areas. 
An investigation was carried out on the mycoflora associated with developing wheat 
grains using the black point susceptible wheat cv. Kanchan. Four samples were collected 
from the soft draught to grain ripening stage and the blotter method was used to detect 
fungi. More than 11 species of 10 genera were foxmd,.important among them were 
Cladosporium dadosporioides, Alternaria tenuis, Fusarium sp. etc. (Ahmed et al., 1994). 
Various experiments have been conducted in the last three decades to find out the 
effective means of isolating and controlling seed fungi from different crops. Biocontrol 
methods are found to be quite effective in controlling fungal infection, out of which 
Calotropis latex is highly effective on wheat seeds. Efficacy of different fungicides was 
tested for the control of seed-borne fungi associated with wheat (Khanzada et aL^OOl). 
The fungi which are exclusively seed-borne can be controlled only through the 
treatment of seeds. Almost all control methods are aimed at protecting plants from 
becoming diseased rather than at curing them after they have become diseased and seed 
treatment is one of the methods 
The various control methods could be generally classified as regulatory, cultural, 
biological, physical or chemical, depending on the nature of agents employed to control 
the disease. 
Seeds are usually treated with chemicals to prevent their decay after planting by 
controlling pathogens carried on them, present inside the seed or existing in the soil 
where they will be planted. The most common biologically based control measures 
include use of resistance plant varieties, use of pathogen free seeds or propagating stocks 
and use of ecofriendly products to control the pathogen. 
Over the years, plant pathologists in India made a number of achievements in 
plant disease management. These include developing and deploying of wheat varieties 
resistant to specific races of rust pathogen in different focal areas that resulted in 
eradication of black rust from Nilgiri hills; minimizing the brovm rust from central India 
and reducing the incidence of yellow rust from northern wheat growing hub. Significant 
contribution has also been made in minimizing the threat from exotic disease that could 
be introduced on planting materials of exotic germplasm. The plant pathologists of IC AR 
and SAUs thus have a crucial role to play for managing the pests and disease through 
technology development and extension programmes. This calls for reprioritization of our 
national research efforts. A gap analysis of our research programmes reveals that major 
areas need special attention in the coming years (Khetarpal, 2006). 
In this study seed health testing techniques have been evaluated for their 
comparative efficacy in the detection of seed mycoflora which can be helpful for 
determining the quality of seeds in the laboratory. 
From foregoing survey of literature it may, however, be admitted that there is a 
great need for exploring the different aspects of seed health testing of different varieties 
of wheat to make the crop pathogen free and to minimize the damage. Hence, in the 
present investigations an attempt has been made to study the following aspects of seed 
testing. 
(1) Inspection of dry seeds of Triticum aestivum. 
(2) Examination after soaking the seeds and examination of material removed from 
seeds by washing. 
(3) Study of the external seed mycoflora of wheat. 
(4) Study of the internal seed mycoflora of wheat. 
(5) Comparison of Standard Blotter and Agar plate method. 
(6) Pathogenicity test of ftmgal isolates on Triticum aestivum seeds. 
(7) Efficacy of some fungicides and Calotropis latex, on seed mycoflora of wheat. 
Review 
of 
Literature 
Chapter-2 
REVIEW OF LITERATURE 
2.1 Review related to Fungi and Wheat 
Crops are often attacked by several fiingal pathogens; many of them are seed-
borne which causes diseases of economic importance. The realization of the importance 
of seed - borne diseases can be dated back to pre-historic era but the earliest reference of 
the association of the cause of plant disease with seed is found in the work of Remnat as 
early as 1637 and of Tull in 1773. Studies by Needham (1743, 1745) with Anguina tritici 
on wheat and Tillet (1755) with Titletia species on wheat were probably among the 
earliest records which gave a factual basis to the growing suspicions of farmers that some 
disease agent is carried by seeds. Thomas (1937) initiated the work on mycoflora of 
wheat. Muskett (1950) published his studies on significance of seed-borne fungi of wheat. 
Neergaard (1940) who served as the chairman of International Seed Testing Association 
(ISTA) from 1956-1974 and who is considered as the father of seed pathology made an 
extensive survey on seed pathology. 
Seed pathology makes a comprehensive study of the seed-borne diseases and 
pathogens. Indian seed program largely adheres to the limited generation system for seed 
multiplication, mechanism of infection, seed transmission and role of seed-borne 
inoculam in seed development. Large number of fungi and other microorganism are 
associated with all types of seeds. Seed-borne inoculam can severely endanger to 
seedlings and plant vigour. Considerable amount of work has been conducted on various 
aspects of seed health and seed pathology of agricultural crops in India and Abroad. 
Heavy losses have been observed to be caused by seed-borne pathogen in various 
crops. Seeds, rots, seedling rot i.e. pre and post emergence losses, disease at various 
st^es of plant growth like leaf spots, stem rot, wilt, blight root rot, fruit rots, etc 
influence crop stand and ultimate yield. 
The first official seed testing station was established at Saxony in 1869 to 
determine purity and germination capacity of seeds (Malone and Muskett, 1964) although 
as early as 1816, Switzerland possessed a seed law which required that at least two man 
in country where clover seed was sold were to serve as inspectors for seed offered to sale 
(Porter, 1949). Seed testing developed rapidly in Europe after 1869 and many small 
testing and control stations were established (Brown, 1939). Seed treatment has.been used 
for centuries. About 1660, salt brine was accidentally discovered to be effective against 
the bunt of wheat. 
Studies of Hellwig (1699) with Claviceps purpurea (Pr) Tul on rye. Micheli 
(1723) with Orbanche minor L. on beans. Frank (1883) demonstrates the seed-borne 
nature of C. lindemuthianum causing anthranose of bean. Morganthaler (1918) estimated 
the number of bacteria and fungi on wheat seeds and found that they ranged from 80,000 
- 25,000,000 and 4,000 - 7,200 per gram of seeds respectively. He claimed that healthy 
kernels were free from fimgi and that the injury to the seed coat of some kernels was 
responsible for the small fixngal population. 
Chen (1920) made a comprehensive study of the internal fungus parasites of the 
seed of crop plants and gave an extensive review of the literature, same year attempt were 
made to apply phytopathological techniques to seed lots for the detection of seed-borne 
organism in Towa. 
Doyer (1930, 1938) in Holland examined commercial seed lots of flex, peas, beet, 
beans, wheat and barley.In 1938 a useful handbook was published by her which gave a 
list of crop seeds with organism carried by them, the general classification of seed-borne 
organism, methods of their detection and suggestions for their control by cleaning and 
treating the seeds. 
Neergaard (1940) made an extensive survey of seed-borne fungus flora of 
horticultural crops and published a list of a large number of plants with the organism that 
may be carried by the seeds together with information as to the frequency of seed 
infection, based largely on his own experience with seed testing in Denmark. 
Marshall (1960 a,b) worked on the incidence of seed-borne disease of cereals at 
official seed testing station, Cambridge. He examined wheat, barley, oats and rye from 
1918 to 1957 for the presence of Titletia caries and Claviceps purpurea . He observed 
that rye samples were more frequently contaminated with Claviceps purpurea than wheat 
and barley.Shipton and Chambers (1966) worked out the internal mycoflora of wheat 
grain in Western Australia. They isolated species of Alternaria, Helminthosporium 
sativum, Podosporiella verticillate, Septoria nodorum and Pithomyces chartarum from 
wheat. 
Padmanabhan (1949) isolated Trichochonis of padwickii the causal organism of 
stackbum disease of rice from diseased rice grain. 
An up to date annotated list of seed-borne disease prepared by Noble and 
Richardson has been published by Commonwealth Mycological Institute, Kew, Survey, 
England in 1968. 
Neergaard (1969) made an extensive study on seed-borne disease. According to 
him increasing crop productivity through use of high yielding cultivars and avoiding crop 
failures are the two way of boosting food production. Benefits of using high yielding 
cultivars may be responsible about 10 per cent losses in crops by seed-borne disease. To 
avoid such losses five lines of approach are suggested : (1) Seed certification schemes, (2) 
Seed processing equipment, (3) Establishment of seed health testing laboratories, (4) 
Research units and training centres, (5) Establishment of an effective quarantine control 
system. He also suggested for major crops, attacked by dangerous pathogen the 'growing 
on tests' in specially equipped greenhouses are necessary. 
Raychaudhari et al., (1976) made a study on present situation regarding problems 
and achievements in seed pathology. Emphasis is placed upon the need for resolving 
present inadequacies in this country's quarantive legislation and for international 
alignment in seed health testing methods. 
Duthie et al., (1986) found that Alternaria alternata is the prevalent blackpoint 
agent on durum wheat and Drechslera sorokiniana is found associated with it (Orsi etal., 
1994), Seed-borne nature of Drechslera (Cochliobolus) hawaiiensis, cause of leaf blight 
of wheat has been recovered at the rate of 13.62% from apparently healthy surface-
sterilized seed and 54.25% from discoloured and shrivelled seeds, even after sterilization 
for 5min.The pathogen appears to be deep seated (Hiremath et al.,1991). 
Mihuta-Grimm and Forsterl (1989) reported F.graminearum and F.equiseti, 
f.culmorum, F.avenaceum to cause scab disease in barley and wheat. 
Khanzada et al., (1987) made a study to compare the detection of seed-borne fungi from 
cereal seeds. They found agar and blotter technique in general were effective for the 
election of fungal species Alternaria, Curvularia, Helminthosporium and Fusarium, but 
agar plate method was better for the study of deep seated fungi such as Fusarium spp., 
mycelial infection of loose smut of wheat {Ustilago tritici) was detected by embryo count 
method and washing test was used for separating the spores adhering for the seed surface 
such as Tilletia spp., dry examination successfully detected kernel discolouration, 
malformation, spore masses and fungal structures and inert material. 
Kunwar (1989) studied on mycoflora associated with stored wheat and its milling 
fraction in India. He worked on the fungi associated with stored wheat grains (38 
samples) and their willing fractions (52 samples). He isolated these samples from several 
locations in India. Samples were screened by dilution plate method and incubated at 10, 
25, 37, and 55°C Aspergillus, Penicillium, other imperfect fungi and smucorales were 
found in 83, 62 and 50% of the samples respectively. Some frequently occurring species 
were as Aspergillus flavus, A. fumigatus, A. candidus, A. versicolor, Penicillium urticae, 
P. islandicum, P. cyclopium. Cladosporium herbarum, Curvularia lunata. Alternaria 
alter nata, Mucur lausannensis, Absidia lichtheimi, Rhizopus arrhizus and 
Syncephalastrum racemosum. 
Ahmed et al, (1994) at Bangladesh studied the mycoflora associated with 
developing wheat grain, using the black point susceptible wheat cv. Kanchan. Four 
samples were collected from the soft dough to grain ripening stage at 7-d intervals and 
blotter method was used to detect the fungi. More than 11 spp. of different genera were 
isolated. The most common in the order of importance were Cladosporium 
cladosporioides, Epicoccum purpurascens (E. nigrum) Alternaria tenuis, Fusarium spp. 
According to him the population of C. cladosporioides and Fusarium spp. decreased and 
those of other fungi gradually increased with the increase of the grain age. 
Adebanjo et al., (1994) worked out on the effect of harvest season on the 
incidence of seed-borne mycoflora. He foimd fifteen fungal species associated with seeds 
of three cultivars of Amarantus cruentus L. He also noted a seasonal variability in the 
frequency of isolation, distribution and quantity of seed-borne fungi and also studied the 
effect of wetness, high temperature and air humidity that accompanied harvest at the first 
and second seasons greatly. As a result he recorded least infection and mean percentage 
seed infection in NHAioo while NHAcso and NHAc33 carried highest percentage of 
inoculum of these pathogen. He isolated Choanephora cucurbitarum, Rhizoctonia solani 
and Pythium aphanidermatum which were highly pathogenic on seedlings of NHAc33 and 
NHAc3o 
Tingxiang et al, (1994) at China made a study on root infections of wheat 
especially by Corticium gramineum and its control by treating seeds with triadimenol 12 
and then inoculating plants with pathogens. He also used some other methods like 
continuous cropping, improved irrigation and soil fertility to control the infection. As a 
result control against Rhizoctonia was 62-78% and leaf diseases such as mildew and rust 
were completely controlled. 
Nirenberg et al., (1994) reported seed mycoflora of wheat which include 
Alternaria alternata, Drechslera sorokiniana, Fusarium moniliforme, F.nivale, F.poae, 
F.proliferatum, Microdochium nivale, and Cladosporium herbarum. 
Assemat et al, (1995) at France investigated Fusarium diseases on wheat in 1991 
and 1992. He examined the fungi responsible for head blight disease and identified it by 
culturing on artificial media (PDA, Tanaka and Mathur). He isolated 1593 fungi and the 
frequency of the occurrence of each species established and important annual, regional 
and crop varietals differences were identified. He also found that the climatic conditions 
at flowering stage influenced, Fusarium spp. incidence. 
Rocque et al., (1996) evaluated the epidemiology of Puccinia recondita and P. 
striiformis on wheat and discussed about the objective criteria for assessment and various 
aspects of chemical control based on the result of field trials. 
Uddin et al, (1996) at West Bengal conducted an experiment for two consecutive 
crop season and Aerobiological investigation were carried out over wheat fields. During 
harvesting stage he noted that there was a more or less uniform spore count up to the 
maximum vegetative growth state and from flowering on wards. A gradual increase in 
total CPUs was observed with the peak (331 CPUs) during the harvesting stage. He also 
isolated some dominant species like Cladosporium. and some frequent non-pathogenic 
fungi like Penicillium, Curvularia, Aspergillus etc. As a result the phylloplane studies 
revealed that Cladosporium was the most dominant flora contributing 40-60% up to 
Pebruary and in winter gradually disappeared from the leaf surface. 
Ykema et al., (1996) at United states observed the symptoms of Kamal bunt 
(Tilletia indica) on a single durum wheat Kamal on an Arizona - grown wheat seed 
sample by using morphometric analysis and polymerase chain reaction and confirmed the 
presence of Tilletia indica. He reported this disease first time in USA. 
Sinha et al, (1996) at New Delhi and Haryana conducted an experiment on wheat 
variety Sonalika for the control of loose smut caused by Ustilago nuda in consecutive rabi 
season during 1989-92. He treated seeds with tebuconazole at 0.2, 0.25 and 0.3% during 
1989-90 and at 0.1, 0.125 and 0.15% during subsequent year and observed that 
tebuconazole at all the concentration tested was more effective than the recommended 
fungicide, carboxid and carbendazim to control the smut by seed treatments. 
Mostafa (1996) performed an experiment to study the biochemical changes in 
total soluble sugars (T.S.S.), total crude protein and fat acidity value (F.A.V.) of grains of 
three wheat cultivars kept under different storage condition after infestation by 
Aspergillus flavus, A. niger, Alternaria alternata and Fusarium moniliforme. He also 
determined the ability of these fungi to produce starch hydrolyzing proteolytic and 
cellulolytic enzymes. Wheat grain infestation by the tested fungi resulted in significant 
reduction in their content of both T.S.S. and total crude protein. He found this decrement 
was higher in wheat grains with high moisture content (17%) and stored for 3 months at 
SO^ C (and data also revealed that F.A.V. was significantly increased in wheat grains of 
the tested cultivars after infestation by the previously mentioned fungi and storing under 
the a forementioned condition. 
Lormet (1997) at France reviewed the development of disease resistance varieties 
of wheat. Zoltanska (1997) at Poland detected Rhizoctonia spp. on winter wheat including 
R. cerealis and R. solani and also discussed the control methods. 
Nameth (1998) explained all the priorities in seed pathology. Seed pathology as a 
subdisipline of plant pathology, is a technology for more ecofriendly seed treatment and 
more reliable seed health testing. For the detection of seed-borne pathogens, sophisticated 
DNA amplification technique is used. In new millennium seed pathology will be 
fundamental in guaranteeng seed health quality. 
Chuprina et al, (1998) at Russia made a study on fungal disease and yield losses 
on winter wheat and summarized the result of resistance trials with wheat cultivars under 
natural infection and artificial inoculation. Nayar et al, (1998) at Shimla made a study on 
wheat rust {Puccinia spp) in India and explained the life cycle, spread, identification, 
variability and its control. Ahuja et al, (1998) reported Kamal bunt disease on wheat and 
its distribution. The taxonomy, morphology, biology, culture and control were also 
discussed. 
Arya et al, (1998) at Hisar performed an experiment on flag smut of wheat and its 
control methods like physical solar heat and water flotation treatment and also studied 
seed treatment with bioagents. Seed treatment with Azotobacter chroococcum showed a 
significant reduction in disease incidence compared to the controls. 
Sivasithamparam (1998) made a study on Sterile Red Fungus and founded that 
root cortices remain as the last frontier for the biocontrol agents to protect the vascular 
elements firom the invader, where the virulent pathogen has breached the bulk soil, 
rhizosphere, and rhizophor and also studied the biology and ecology of such fungi with 
parasitic competency to colonize live cortical cells are discussed in relation to a case 
study involving a sterile cortical fungus. 
Bhutta et al, (1999) at Pakistan performed an experiment on seed-borne 
pathogens of wheat samples collected from eight major wheat growing areas and studied 
for their health status and isolated some fungi like Alternaria triticina, Biopolaris 
sorokiniana. Fusarium graminearum. F. moniliforme etc, among these B. sorokiniana 
appeared to be the major fungi found in all the localities. 
Morrison (1999) made a statistical study on seed-borne pathogen and crop loss 
assessment or Pest management in seed health testing. According to him seed health tests 
utilize qualitative data based in the presence or absence of the pathogen in the test sample, 
with the lot being rejected if the pathogen is detected in the sample and accepted if the 
sample is negative, seed health tests are usually performed on a sample of a seed lot. Seed 
lot size is generally, not a constraint when the distribution of contaminated/infected seed 
in the lot is relatively homogeneous, if the distribution is heterogeneous, increased 
sampling intensity is required. The probability of detection at a given damage threshold is 
greater as sample size increases, and this probability can be determined by statistical 
methods. 
Pandey et al, (2000) carried out an experiment on seed-borne transmission of 
fungi in discoloured seeds of hybrid rice. He detected many fungi like Alternaria 
padwickii, Cochliobolus miyabeanus etc from seed coat and endosperm. He observed the 
maximum seedling mortality in seeds with discolouration on both endosperm plus 
embryo regions. 
Rana et al., (2000) conducted a study on loose smut of wheat and its wet treatment 
with triazole fungicides by dipping the seed in 0.01% solution for 6 hr and dry treatment 
with Raxil (0.01%) were quite effective. 
Riaz et al, (2002) made a study on seed-borne mycoflora of groundnut worked 
out their frequency and impact on seed germination. 
Argyris et al., (2003) performed an experiment to study the Fusarium 
graminearum and its effect on seed quality. He also observed infection during wheat seed 
development and the production of the mycotoxin deoxynivalene. Deoxynivalenol was 
present at significant levels (5 to 25 mg kg"') throughout seed development and 
maturation in all cultivars. 
Loiveke et al., (2004) conducted an experiment to study the microfungi in grain 
and grain feeds and their potential toxicity on spring and winter wheat. The total number 
of fungi was estimated on wort agar or on the nutrient substratum of Czapek. Spring 
wheat of the years 1992, 1993, 1994 and winter wheat of the years 1992, 2002 and 2003 
and spoilt grain feeds of the years 1997-2000 were investigated. The toxicity of fungi 
isolated from grain, on the basis of the growth inhibition zone of B. stearothermophilus, 
was 0-7 mm, whereas on fungi isolated from spoilt feeds it was 0-18 mm. The most toxic 
fungi were Penicillium cyclopium, penicillium sp., Trichothecium roseum, Aspergillus 
terresus, Paecilomyces varioti, Rhizopus nigricans, and Acremonium spp. 
Rodrigues et al., (2005) performed an experiment on seeds of cowpea for the 
identification and pathogenic characterization of endophytic Fusarium species. They 
differentiated species according to the morphology of macroconidia, microconidia and 
their arrangements in chains or false heads and the size and type of conidiophore. They 
isolated some species of Fusarium like Fusarium semitectum, F. equiseti, F. oxysporum, 
F. solani etc. Among the species , Fusarium semitectum was the most frequently detected 
fungus. 
Shah et al., (2005) at Italy carried out a study on regional and varietal differences 
in the risk of wheat seed infection by fungal species associated with Fusarium head blight 
in Italy. The species recovered were Fusarium graminearum, F. poae and Microdochium 
nivale. In their study they also investigated that incidence of seed infection by different 
species of Fusarium was twice to four times higher in durum compared with the sof^  
wheat cultivars. According to him there were no significant differences in terms of seed 
infection incidence between the two soft wheat cultivars, but the durum cultivars differed 
in their levels of seed infection for some of the pathogens. 
Rajput et al, (2005) at Sindh made a study on seed-borne fungi of wheat and their 
effect on seed germination by using standard blotter method. They isolated five seed-
borne fimgi viz. Alternaria tenuis, Aspergillus niger, Fusarium moniliforme, Curvularia 
lunata and Stemphylium herhurum from 12 wheat varieties and also observed maximum 
seed germination, maximum root and shoot length of seedlings in Anmol variety and 
minimum in Pak-76. 
Fakhrunnisa et al., (2006) made a study on seed-bome mycoflora of wheat, 
sorghum, and barley with the help of Standard Blotter method and Deep Freezing 
methods. They used 19 samples of wheat, 27 samples of sorghum and 14 samples of 
barley. The most frequently occuring fungi isolated were. Absidia species, Alternaria 
alternata, Aspergillus species, A. candidus, Cladosporium herbarum, Curvularia lunata 
etc. This is the first report of Chaetomium globosum and D. hawaiiensis on wheat. Deep 
freezing method showed better results for isolation oi Alternaria alternata, Cladosporium 
herbarum, Drechslera spp. and Fusraium species. 
Vishwa et al., (2006) carried out an experiment to study the efficacy of 
saprophytically competitive bioagents against Fusarium udum using culture technique on 
potato dextrose agar medium. Three bioagents viz., Trichoderma viride, T. harzianum and 
Gliocladium virens were evaluated against ten isolates of F. udum and incubated for 96 
hrs. After 96 hrs of incubation the present reduction of ten isolates of F. udum ranged 
between 35.5-54.8 % against T. viride, 36.4-54.7% agaisnt T. harzianum and 36.4-57.3% 
against G. virens were recorded and T. harzianum was found growing saprophytically fast 
in the presence often F. udum isolates in dual culture. 
Khetarpal (2006) gave an exclusive idea on plant pathology research and its 
development in plant disease. These include developing and deploying of wheat varieties 
resistant to specific races of rust pathogens in different focal areas. 
Integrated pest management modules have been developed which resulted in 
lowering the quantum of pesticide requirement. However we continue to suffer from 
annual crop losses due to biotic stresses and weeds. There is a resurgence of certain 
important disease such as foliar blight in wheat, sheath blight in rice, maize, bract mosaic 
in banana etc. The plant pathologists of ICAR and SAUs thus have a crucial role to play 
for managing the pests and disease through technology, development and extension 
programmes. This calls for reprioritization of our national research efforts. A gap analysis 
of our research programmes reveals that major areas need special attention in the coming 
years. 
Pakdaman et al., (2006) conducted an experiment on germinating seeds and tissue 
of wheat in relation to Fusarium head blight resistance to study the effect of Fusahum 
graminearum phytotoxins. Twenty six spring lines of bread wheat (Triticum aestivum L.) 
were studied from the view point of their tolerance to phytotoxins of Fusarium head 
blight caused by Fusarium graminearum. The correlation between their tolerance to 
phytotoxin extract and field resistance were also studied by the using semi-purified 
phytotoxins on growing coleoptiles segments. He noted that there was a great variability 
among different wheat lines regarding their tolerance to semi-purified phytotoxins but the 
results showed that there were no correlation between tolerance of semi-purified 
phytotoxins and disease index and disease incidence. 
Gohari et al, (2007) at Iran conducted an experiment on mycoflora of wheat 
grains in main production area. According to him wheat grains are often contaminated 
with many kinds of fimgi before or after harvesting, which are transferred to soils. During 
his study mycoflora of stored grains were investigated with the moist chamber method 
and agar test method. After mycelial growth or sporulation they isolated some fungi like 
Alternaria alternata, Ulocladium alternariae, Aspergillus flavus, A. niger etc. 
Broggi et al., (2007) at Argentina carried out a mycological study on sorghum 
grain, maize, rice, soyabean seeds and stored wheat. He isolated frequencies and relative 
densities of species belonging to genera Alternaria, Aspergillus, Fusarium, Penicillium 
and other ftmgi. He found Alternaria alternata was the major fiingal species isolated from 
sorghum, rice, and soybean seed on freshly harvested wheat. 
Malaker et al., (2008) made a study to determine the prevalence of black point and 
percentage of germination, moisture content and different ftangi associated with wheat 
seeds during storage in different types of container viz., 'dole' (bamboo made) earthen 
pitcher, tin container, polyethylene bag and refrigerator (10°C) for ten months at room 
temperature. Seeds of a widely cultivated variety kanchan were stored in containers. 
Samples were taken at monthly interval begirming from the month of April. The seed 
moisture content and black point severity were found highest in dole resulting in the 
lowest percentage of seed germination. The highest percentage germination percentage 
was observed under storage in refrigerator followed by polyethylene bag, tin container 
and earthen pitcher various fungal flora associated with wheat seeds differed in their 
prevalence depending on the length of storage period and types of container used for 
storage. The population of field fimgi viz., Alternaria alternata, A. triticina, Bipolaris 
sorokiniana, Curvularia Imata and Fusarium spp. decreased while that of storage fungi 
viz., Aspergillus, Chaetomium, Nigrospora, Penicillium and Rhizopus increased with the 
progress of storage period. 
2.2 Review related to Pathogenicity 
Pathogenicity is the abiUty of an organism to enter a host and cause disease. The 
degree of pathogenicity, that is, the comparative abiUty to cause disease, is known as 
virulence. The terms pathogenic and nonpathogenic refer to the relative virulence of the 
organism or its ability to cause disease under certain conditions. This ability depends not 
only upon the properties of the organism but also upon the ability of the host to defend 
itself (its immunity) and prevent injury. The concept of pathogenicity and virulence has 
no meaning without reference to a specific host. 
Volkova (1997) made a study on biological properties of Puccinia striiformis and 
its tolerance of Bayleton fungicide in climatic chamber. The acquisition of tolerance was 
accompanied by changes in P. striiformis. Pathogenicity decreases in sporulating ability 
and speed of mycelial diffuse development in host plant cells, increase in the incubation 
period and the period of pustule formation. As a result an inverse correlation was found 
between the properties of tolerance and virulence 
Smiley et al., (2005) conducted an experiment on crown rot of wheat caused by a 
complex including Bipolaris sorokiniana, Fusarium avenaceum, F. culmorium, F. 
pseudograminecarum and Microdochium. They also examined pathogenicity under 
greenhouse conditions for 178 isolates of the five species and under field conditions for 
24 isolates of B. sorokiniana, F. culmorum and F. pseudograminarum. Disease severity 
was inversely correlated with plant height for the three Fusarium species. In one or more 
of four experiments with spring wheat in the field, all three species reduced stand 
establishment and density of mature heads and increased the incidence and severity of 
crown rot. F. culmorum and F. pseudograminearum caused the greatest disease severity 
and plant damage and were the only pathogens that reduced grain yield. 
Hudec (2007) performed an experiment on pathogenicity of fungi associated with 
wheat and barley seedling emergence and fungicide efficacy of seed treatment. Study 
focused on the influence of Cochliobolus sativus isolates origin on pathogenicity towards 
wheat and barley seedlings in comparison with pathogenicity of Fusarium species and 
Microdochium nivale. He estimated the efficacy of fungicide seed treatment against C. 
sativus isolates were collected fi-om different locations and were isolated from wheat. 
barley and sunflower seeds. The pathogenicity of C. sativus, Fusarium species and M 
nivale towards germinating seedlings were expressed as germination (GA) retardation and 
coleoptile growth rate retardation (CGR), of wheat only, the COR was significantly 
influenced by the isolate origin. The pathogenicity of tested fungal species declined in the 
order F. culmorum, F. gramimarum. C. sativus etc. for both barley and wheat. The 
results highlighted high pathogenicity potential of C. sativus equal to that of F. 
avenaceum and M. nivale. 
Rafiyuddin et al, (2008) worked on interaction of Penicillium puberulum and 
spermosphere fungi of wheat. He investigated its impact on penitrem by paired plate and 
they also fo\md Alternaria altemata, Curvularia pallesecus and Drechslera rostrata were 
responsible for total inhibition for penitrem of production. 
Jyothi et al., (2008) made a study on temperature specificity of linear mycelial 
growth and fructification of Volvariella and Pleurotus on wheat grain during spawn 
culture. For Volvariella 35°C and for Pleurotus 25°C are required for maximum 
fructification is advised to adopt the growing season pattern and cultivation technique. 
Terefe et al., (2009) at South Africa conducted a survey to determine the 
occurrence and pathogenicity of Puccinia triticina Eriks the cause of wheat leaf rust 
widely observed in the wheat growing areas. A low incidence of leaf rust was detected at 
Cedara. Leaf rust widely occurred within trap nurseries but it was observed only 
occasionally in farmers fields. Five pathotypes were identified from the total of 80 leaf 
rust samples collected. The most frequently detected pathotype was 35A133 (76.8%) 
which was found in samples from all the localities followed by pathotype 35A126 
(11.01%). The virulence patterns of pathotypes detected in 2007 was similar to those 
observed in previous seasons and new pathotypes were not observed. 
Imathia et al., (2010) performed an experiments were carried out to investigate the 
potential pathogenicity under the experimental conditions employed on oat. F. 
langsethiae and F. poae failed to produce seedling blight disease indicating that these two 
species are not pathogenic to oat and wheat cultivars. 
2.3 Review related to Seed Treatments and Biological Control Methods 
Seed mycoflora in general, have been controlled by using physical, chemical 
methods and also by adopting some biological control methods (Fisher and Holton,1957; 
Neergaard, 1977.) Seed treatment with chemicals has long been used for controlling seed-
borne diseases. Seeds are usually treated with chemicals to prevent their dicay after 
planting by controlling pathogens carried on them or existing in the soil where they will 
be planted. In seed treatments with chemicals precautions must be taken so that their 
viability is not lowered or distroyed. So some other methods such as biocontrol methods 
are also used by different scientist. Some important seed treatments studies are reviewed 
in the following pages. 
Lisker (1990) at Israel made a study on improving wheat seedling emergence by 
seed protectant fungicides. He observed that complex interaction of environmental 
condition which weaken the seeds and lead to subsequent infection by weakly parasitic 
seed-borne or soil borne fungi is one of the cause of poor stands in wheat fields. He used 
six cultivars of wheat seeds (Bet Hashita, Bet Lehem, Dariel, Deganit, Lakhish and 
Shafir) and treated with following fungicides. Thiram, oxine copper CQ 864, CO 1054. 
TCMTB a mixture of diniconazole + imazalil, terbuconazole, guazatine or Panoctine 
super 301000. He observed that the most prevalent fungi in wheat seeds were Alternaria 
spp. (95%). Rhizopus and Asperigllus were also isolated. He found that the seeds 
treatments given with the above fungicides considerably reduced fungal growth. He also 
used these fungicides to treat artificially weakened seeds. Seeds were weakened by 
immersion in hot water (45°C) for different periods of time until the percentage seedlings 
decreased to <50% in a natural clay loam soil. When weakened seeds, either treated or 
not with fungicides, were sovm in sterile sand, seedling emergence was high (=80%) and 
no significant differences were observed among treatment. These results indicated that in 
some natural soils, weakly parasitic fungi may attack weakened seeds and reduce seedling 
emergence. Fimgicides can effectively protect the weakened seeds against weak parasites. 
Marley et al, (1994) at Nigeria examined about the effects of seed treatment 
chemicals on seedlings emergence, establishment and control of foot and root rot diseases 
of wheat. He detected the foot and root diseases caused by Fusarium equiseti and 
Exserohium rostratum are a limiting factor the production of irrigated wheat in Nigeria. 
Five seed treatment chemicals were tested for their ability to control these diseases in 
1989 and 1990. He found treatment with metalaxyl + carboxin + furathiocarb formulation 
had the highest control of the diseases. In the field, this fungicide at lOg kg'' seed gave 
complete control of these pathogens. 
Casa et al., (1995) in the state of Rio Grade do sul, performed a experiments 
carried out the effect of seed treatment in com with fungicides and investigated the 
emergence of seedlings in cool soil. Seeds with 22% incidence of Fusarium moniliforme 
were dressed with captan, captan + thiabendazole and thiabendazole + metalaxyl at 5 
seeding times from Aug. 10* to Oct. 5'^ He recorded that all fungicide while taking 
fungicidal treatments on com seeds increased the emergence beside the soil borne fungi 
such as Pythium spp. and Trichoderma spp. and also concluded that metalaxyl has the 
potential as a seed treatment for protection of maize against Pythium in soil. 
Arshad et al, (1995) in Pakistan made a study on fungicides and its control on 
Kemal bunt in wheat caused by Tilletia indica. In his experiment he used seed dressing 
fungicides, fentin (as duter @ 2g/kg seed) and Chlorothalonil (as Daconil @ 2g/kg seed) 
and spray fungicides mancozeb (as Dithane M-45 2g/litre) and propiconazole under 
artificially inoculated field to noted the efficacy in reducing infection and disease and 
increasing grain yield and 1000 grain weight. As a result he found the disease severity 
was the second highest and the 1000 grain weight the highest. 
Jevtic et al, (1996) at Yougoslavia studied the fungicidal effect on wheat seed. 
They used some fungicides like propiconazole, carboxin, thiram etc on winter wheat seed 
and isolated some fungi like Puccinia recondita and Fusarium and observed during 1991-
92 Rana niska and Francuska hadsignificantly higher yield than Balkan and Yugoslavia. 
FayoUe (1997) at France discussed the best ingredients of fungicides against 
several diseases of cereals with special reference to prospects for fungicides in the new 
family of strobilurins. 
Vlasenko et al, (1998) at Russia performed an experiment to protect the spring 
wheat. He used fungicides and herbicides to control fungal disease and 
weeds.Nugumanov et al, (1998) at Russia worked out on winter wheat with greater 
understanding of fungicides and observed yield increases of spring wheat. 
Shaukat et al, (2001) conducted an experiment on soil borne fungi and its 
biological and chemical control to improve the growth of mungbean. He used soil 
amendment with Lantana camara and various concentrations of three phenolics against 
the soil borne root infecting fungi. Powdered L camara and its aqueous extract caused 
substantial suppression of Fusarium solani and Rhizoctonia solani infection in mungbean 
roots. Soil application of caffeic acid at the rate of 10 g/g soil caused complete inhibition 
in germination of mungbean. 
Khanzada et al, (2002) evaluated an experiment on different wheat varieties and 
its control with fungicides. He used these fungicides to increase the seedling emergence, 
number of grains per spike, grain weight and also to control seed-borne fungi. 
Bajwa et al, (2003) performed an experiment to evaluate the potential of aqueous 
extracts of alleopathic weed, Parthenium hysterophorus, against three pathogenic fungi 
viz Drechslera tetramera, Aspergillus niger and Phoma glomerata. The test fungal 
species were grown in 100 ml liquid malt extract medium contaning 20 ml of each of 0, 
10, 20, 30, 50, 60 and 70% w/v shoot extract of Parthenium hysterophorus. They 
monitored fungal growth after 5, 10 and 15 days of incubation and as a result, they 
observed that the response of extract was species-specific.D. tetramera was the most 
susceptible while P.glomerata was found to be least susceptible to the applied aqueous 
extracts. The higher concentration of 50, 60, and 70% extract markedly enhanced the 
fungal biomass production at all the harvest intervals. 
Kayode (2004) examined allelopathic effect of aqueous extracts of Calotropis 
procera on germination and seedling growth of four cultivar of maize ( Oba Super 1, 2, 3 
,and 4). He examined that both extracts demonstrated considerable inhibitory effects on 
the growth of radicle and plumule of the cultivars and the severity of the inhibition. As 
result he found that the growth of Oba Super 1 tends to be the least inhibited while the 
growth of Oba Super III appeared to be mostly inhibited by the extracts when the growth 
and development of their radicle and plumule were compared to those of the control. 
Monaco et al., (2004) at Argentina made a preliminary study on biological control 
of the blackpoint compelex of wheat. Blackpoint is a brownish or black discoloration of 
wheat kernels and biological control is a complementary strategy to manage the disease. 
He evaluated this work to study the effect of five strains of Trichoderma harzianum and 
one strain of T. koningii on the growth of Bipolaris sorokiniana and Alternaria alternata 
and compared the results of screening tests under controlled condition and field 
evaluation on brad and durum wheat ears. Microscopic examination of 5. sorokiniana and 
A. alternata showed plasmolysis and vacuolization of hyphae of the pathogens in the 
presence of the antagonists tested.. 
Sharma et al., (2005) performed an experiment to study the effects of seed 
treatment and foliar fungicides on Helminthosporium leaf blight caused by Cochliobolus 
sativus and Pyrenophora tritici repentis. Pre sown seed infection by the pathogen was 
determined in a laboratory test. Seed were treated with Vitavax 200, Bavistin ® and 
Simonis carbendazim in 2002 and Areestin ® instead of Simonis carbendazim in 2003. 
Cochliobolus sativus was isolated from 8% and 34% presown seed in 2002 and 2003, 
respectively, and P. triticirepentis was not found. The highest increase in grain yield over 
the control due to fimgicide spray was 38% in 2002 and 83% in 2003. These results 
showed that seed treatment was not effective in reducing HLB severity and increasing 
grain yield, but foliar fungicide spray was quite effective 
Hasan et al., (2005) made a study on antifungal effects of plant extracts on seed 
borne fimgi of wheat seed regarding seed germination, seedling health and vigour index. 
They used 10 plant extracts, such as rhizome of Zingiber officinale, bulb of Allium 
sativum, Allium cepa, leaves of Adhatoda vesica, Lausonia alba, Azadirachta indica, 
Achyranthes aspera, stem of Cuscuta reflexa, root of Vinca rosea and seeds of Nigel la 
sativa for their efficacy in vitro against seed-borne fungi of wheat. All the plant extracts 
significantly reduced the incidence of seed-borne fungi, increased seed germination, 
number of healthy seedlings and vigour index. Alcoholic extracts of neem {Azadirachta 
indica) and garlic {Allium sativum) completely controlled the intensity of Bipolaris 
sorokintana, Fusarium spp., Aspergillus spp., Penicillium spp., and Rhizopus spp. after 
the treatment on wheat seeds. Neem and garlic extract treated wheat seeds gave 84.70% 
healthy seedling and 15.13% infected seedlings, respectively. 
Bhawal et al., (2006) made a study on seed-borne mycoflora in groundnut during storage 
and their chemical management. They isolated six fungal species viz. Aspergillus flavus, 
A. niger, Fusrium oxysporum, Penicillium sp. etc. and Rhizopus arrhizus in seed with and 
without shell during storage following Agar plate and seed wash methods. To control 
these fimgal flora carbendazin (Bavistin) 0.20 %, Mancozeb (Indofil M-45) 0.25 % were 
used. 
Javaid et al., (2006) made a comprehensive study of the efficacy of some fungicides 
against seed borne mycoflora of wheat. Four fungal species viz. Drechslera australiensis, 
Aspergillus terreus, Alternaria alternata, Fusarium oxysporum were isolated from the 
stored grains of wheat collected from three different sources. Drechslera australiensis 
was found to be the most frequently occurring fungal species and Metalaxyl plus 
Mancozeb and Dithane were found to be the most effective fungicide. As result he found 
that the effect of different fungicides on germination and seedling growth of wheat was 
also variable and effect of fungicides on seed germination and shoot biomass was 
significant. 
Biswas et al, (2006) performed an experiment on seed treatment with biocides to 
control brown spot and sheath blight of paddy. He investigated that both the pathogen 
perpetuate through seed, soil and on some weed host seed treatment strategy is one of the 
best method for control of the disease. As result seed treatment with biocides 
(Trichoderma harzianum, T. viride) and provided good protection of seed against seed-
borne disease in vitro. The maximum 82% germination was recorded in the case of seed 
treatment with bioformulation of T. harzianum which was followed by spore suspension 
of T. harzianum (79.34). 
Pandey et al, (2006) made a study on Bio-efficacy of fungicides against 
Trichoderma spp. and about the toxicity of these fungicides against different antagonists. 
The study revealed tolerance limit of the test fungicides by various biocontrol agents for 
compatibility. Complete inhibition of all the four species of Trichoderma is observed by 
tebuconazole and hexaconazole showing extremely toxic nature of the fungicides. He 
noted that captan is fungistatic to T. harzianum and can be applied by keeping 2-3 days 
gap between the fungicides and bioagent as integration. As result he found that 
combination of soil treatment by captan followed by a seed treatment with Trichoderma 
should be very safe and useful without any loss of Trichoderma. 
Satish et al., (2007) performed an experiment to study the antifungal activity of 
some aqueous extract of fifty-two plants from different families were tested for their 
antifungal potential against eight important species of Aspergillus such as A. candidus, A. 
columnaris, A. flavipes, A. flavus, A. fumigatus, A. niger, A. ochraceus, and A. tamarii 
which isolated from sorghum, maize and paddy seed samples. Among fifty-two plants 
tested, aqueous extract of Acacia nilotica, Achras zapota. Datura stramonium, Emblica 
officinalis. Eucalyptus globules, Lawsonia inermis, Mimusops elengi, Peltophorum 
pterocarpum, Polyalthia longifolia, Prosopis juliflora, Punica granatum and Sygigium 
cumini have recorded significant antifungal activity against one or the other Aspergillus 
species tested. A. flavus recorded high susceptibility and hence solvent extracts viz., 
petroleum ether, benzene, chloroform, methanol and ethanol extracts of all the twelve 
plants were tested for their antifungal activity against it. They observed that among the 
solvent extracts tested, methanol gave more effective than ethanol, chloroform, benzene 
and petroleum ether, except for Polyalthia longifolia, where petroleum ether extract 
recorded highly significant antifungal activity than other solvent extracts. 
Mxikhtar (2007) made a comparative in vitro study of phytochemical and chemical 
control of Fusarium oxysporum f.sp.ciceri. He determined the antifungal effect of 
aqueous extracts of four plant species viz; Azadiarachta indica, A. Juss., Datura metel L. 
var. quinquecuspida Torr., Ocimum sanctum L. and Parthenium hysterophorus L. He 
found that all the plant extracts at 40% concentration were effective in reducing the 
mycelial growth ofF. oxysporum f sp. ciceri. Among these plants extracts, A. indica and 
D. metel inhibited fungal growth by 80%. Even at 10% concentration, both plants extracts 
had inhibitory effect, while Ocimum sanctum extracts showed low inhibition (60%) as 
compare to other plant extracts. Chemical treatment with Benomyl (50WP) and 
Carbendazim (50WP) was proved to be the most effective against F. oxysporium f sp. 
ciceri. Results indicated, plant extracts had equal potential as fungicides for the reduction 
of pathogen growth. 
MuUenbom et al., (2008) made a study on Fusarium head blight of wheat, oi^ en 
associated with mycotoxin contamination of food and feed is caused by various Fusarium 
species. The efficacy of fungicide sprays for the control of the disease and mycotoxins 
varies from being highly effective to even increasing mycotoxin levels. They investigated 
the potential role of antagonistic fungi in this variability and assessing sensitivity of 
Fusarium species and saprophytic fungi colonizing wheat kernels to fungicides. 
Saprophytes were tested for their antagonistic activity to the prevent Fusarium species. In 
dual culture A. niger, R. oryzae and Trichoderma hamatum were more effective in 
reducing mycelial growth of Fusarium species than Microdochium majus, A. alternata 
and Epicoccum spp. were ineffective because of slow growth rates. According to him 
saprophytic fungi were sensitive to triazoles, however Prothioconazole and tebuconazole 
had stronger effects on mycelial growth of Fusarium species to triazoles 9 range (0.1 -
1.7 mg r'). Fungicides are likely to modify the balance within the mycoflora of wheat 
ears which may also affect the mycotoxin contamination of grain. 
Gonazalez et al., (2008) performed an experiment to analysed trichothecene 
nature occurrence and associated mycoflora and for determining the influence of 
commonly used fungicide field treatment and the cultivar type on trichothecene 
contamination. They used total no. of 120 freshly harvested wheat from different location. 
They isolated some fungus viz. Alternaria alternata, Fusarium graminearum, F. poae 
and F. semitectum as endogenous mycoflora. They found that the type of cuUivar and the 
fiingicide field treatment did not affect significantly the trichothecae contamination. 
Masum et al., (2009) conducted an experiment to study the effectiveness 
treatments in controlling seed-borne fungi associated with sorghum seeds obtained from 
two locations at the seed pathology centre (SPC). They used all five seed treatment viz. 
hot water treatment, garlic tablet, neem leaf extract, Biofungicide and vitavax-200. To 
reduce the total seed-borne infection of six target pathogenic fimgi Agrostis tenuis, 
Bipolaric sorghicola, Botrytis cinerea, Crinum graminicola, Curvularia lunata, Fusarium 
moniliforme. They observed increased germination which was higher than the national 
standard (>80.0%) in all treatments over the untreated control. Vitavax-200 gave the best 
result in controlling seed-borne infection of all the individual target pathogenic fungi 
followed by other treatments. Neem leaf extract gave over 90.0% reductions in seed-
borne infection and BAU. Biofungicide gave the lowest control to total seed-borne fungal 
infection (71.6 - 62.3%) as well as seed-borne infection. 
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Chapter-3 
MATERIALS AND METHODS 
International rules for seed testing (Annonymous, 1996) were followed in the 
present investigations. For the study of seed mycoflora of Triticum aestivum, two varieties of 
wheat viz WH896 and HD264 were taken from Quarsi agricultural farm, Aligarh. Blotter 
method and Potato dextrose agar medium have been employed throught out the studies and 
the fungi were detected by the methods as recomonded by ISTA with some modification. 
Microscopic examination of wheat seeds reveals that seeds of all the varieties of 
wheat posses injuries to varying extent. Detailed examination of the seeds has shown that the 
seeds can be classified on the basis of extent of injury in the three categories viz., seeds 
having minor cracks, cracks without exposed embryo and cracks with exposed embryo. 
3.1 INSPECTION OF THE DRY SEEDS 
The inspection of dry seeds is a method to detect the presence of fruiting structures 
of fungi and the effects of fungi on the physical appearance of seeds. 
The fruiting structures of fungi can be in the form of: 
* Pycnidia, sclerotia present on the seed surface or inside the seed coat. 
* Sclerotia looslely mixed with seeds. 
* Individual spores or spore masses on the seed surface. 
Physical abnormalities include: 
* Shriveling of the seed coat. 
* Reduction or increase in seed size. 
* Discolouration or spots in the seed coat. 
Facilities and equipment: 
* Stereomicroscope (magnification up to x 50) 
* Compound microscope (magnification up to x 40) 
* Glass slides and cover slip. 
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Three hundred seeds of Triticum aestivum veriety WH896, HD264 were examined with 
naked eye and under 40x- 50x magnification of stereobinocular for contaminants and other 
apparent disorders like presence of pycnidia, sclerotia and also examined for damages, 
discoloured, malformed seeds. 
3.2 EXAMINATION AFTER SOAKING THE SEEDS 
Three hundred seeds of each variety were submerged separately in sterilized water 
in petridishes and left for 24 hours to swell. Seeds were then examined under 40x-50x 
magnification of steriobinocular and later placed in drop of water and then examined 
microscopically for identification of conidia, pycnidia and mycelial bits of organisms. 
3.3 EXAMINATION OF MATERIAL REMOVED FROM SEEDS BY WASHING 
Seeds washing technique was used to study the seed health conditions of the seed 
lots of different varieties of wheat. Seeds of Triticum aestivum were taken in 100 ml flask to 
which 25ml sterilized distilled water was added. These seeds were shaken vigorously on a 
shaker for 15-20 minutes and the washing were centrifuged for 10 minutes. The clear 
supernatant fluid of the washings was then discarded and the residue was collected in a small 
petridish. Twenty drops of the residue were examined on clean slides under compound 
microscope. 
3.4 STUDY OF EXTERNAL SEED MYCOFLORA OF TAESTIVUM 
In the preliminary work, a number of techniques were employed for the isolation of 
externally and internally seed-borne fungi from wheat. Out of these the modified Blotter 
method (Limonard, 1966 and Annonymous, 1976) and Potato Dextrose Agar method 
(Malone, 1941 and Muskett,1948) proved to be suitable and had been used throughout this 
study. Several workers such as Christensen (1957), Neergaard and Saad (1962) and 
Christensen and Lopez (1963) have indicated that no one method is adequate enough for 
detecting all the fungi that might be present in or on the seed. Hence two different methods 
were employed for isolation of fungal flora associated with Triticum aestivum. 
3.4.1 BLOTTER METHOD 
The blotter method is one of the incubation methods where the seeds are plated on 
water soaked filter papers, and incubated usually for 8 days under 12* alternating cycles of 
light and darkness. After incubation, fungi developed on seeds are examined under different 
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magnification of a stereomicroscope and identified. The identification of the fungi is based 
on the way they grow on the seeds and on the morphological characters of fruiting bodies, 
spores / conidia observed under a compound microscope. 
Facilities and Equipment 
* Compound microscope (magnification up to x 400) 
* Stereomicroscope (magnification at least up to x 50 fitted with two lamps) 
* Petri dishes 
* Filter papers 
* Beaker, forceps, glass slides and cover slips 
* Distilled water 
In the blotter method three well moistened sterilized blotting papers were placed in sterilized 
petriplates of 9 cm diameter. In each petriplate 10 seeds were placed in each dish. Three 
hundred seeds were used for each sample. Petriplates were incubated at 20±2°C for 8 days 
with cycles of 12 hours light and 12 hours darkness. After 8 days of incubation fungi which 
developed on the seeds were identified. 
3.4.2 POTATO DEXTROSE AGAR METHOD 
The agar plate method, is another popular method in which seeds are plated on an 
agar medium and the plated seeds are usually incubated for 5-7 days at 22-250°C under 12th 
alternating cycles of light and darkness. At the end of the incubation period, fungi growing 
out from seeds on the medium are examined and identified. Identification is based on colony 
characters and morphology of sporulating structures under a compound microscope. 
Preparation of the media 
* With calculated amount of ingridients agar medium was prepared and sterilized in 
conical flasks at 15 lb pressure/inch^ for 15 minutes. 
* Before pouring, the agar medium was cool down to around 50°C and an antibiotic was 
added in the agar medium, (e.g 0.3 g streptomycin sulphate in 1000 ml agar). 
* Approximately 15 ml medium was poured per dish and the dishes were left to solidify 
completely before plating the seeds. 
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Sterilized petriplates of 9 cm diameter containing the potato dextrose agar media 
were used. In eacli petriplate 10 seeds were placed. Three hundred seeds were used for each 
sample. Petriplates were incubated at 20±2''C for 8 days with cycles of 12 hours light and 12 
hours darkness. After 8 days of incubation fungi which developed on the seeds were 
identified. 
The composition of PDA was as follows. 
Peeled and sliced potato - 200 g 
Dextrose - 20 g 
Agar-Agar - 20 g 
Distilled water - 1000 ml 
RAISING AND MAINTENANCE OF FUNGUS 
The isolated fiingus was further raised on Richard's liquid medium (Riker and Riker, 
1936) having the following composition.. 
Potassium nitrate 
Potassium dihydrogen phosphate 
Magnesium sulphate 
Ferric chloride 
Sucrose 
Distilled water 
lO.OOg 
S.OOg 
2.60 
0.02g 
SO.OOg 
1000 ml 
The medium was prepared and sterilized in an autoclave at 15 lb pressure for 15 
minutes in 250 ml Erlenmeyer flasks, each containing about 80 ml of Richard's medium. 
Small bites of ftingal mycelium were transferred to the conical flasks which were incubated 
at 28±2°C for about 15 days to allow growth of the fungus. Pure culture of fungus was 
continuously maintain on PDA contained in the test tubes by re-inoculation of the fungus 
after every one month.Pure culture of Alternaria alternata strain number-6306 and 
Fusarium moniliforme strain number-6261 were also brought from lARI, New Delhi and 
were maintained. 
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3.5 STUDY OF INTERNAL SEED MYCOFLORA OF T. AESTIVUM 
Three hundred seeds of each variety of T. aestivum were taken for study of internal 
seed mycoflora. Seeds were surface sterilized by dipping in 0.1% aqueous mercuric chloride 
for 2-3 minutes followed by the washing with sterilized water before placing in the 
petridishes. Both Blotter and PDA methods were used for study of internal seed mycoflora. 
Frequency and Relative abundance of fungi were calculated during the study of external and 
internal seed mycoflora of T.aestivum. Percentage germination of seeds was also recorded. 
The frequency of the fijngus was calculated by the following formula: 
No. of seeds containing a particular fungus 
X 100 
Total seeds used 
Relative abundance of the fungi was calculated by the formula: 
Total No. of colonies of a fungus on seed 
Total No. of colonies of all fungus 
X 100 
3.6 PATHOGENICITY TEST OF CERTAIN IMPORTANT FUNGI 
For pathogenicity tests 100 surface sterilized healthy seeds were rolled on an 
actively growing culture of different fungi and were placed over moist blotter paper in 
sterilized petriplates and incubated as described earlier. Equal no of uninoculated seeds were 
also kept to serve as control. Germination percentage and symptoms production if any was 
observed up to 20 days 
3.7 FUNGICIDES TREATMENT 
Seeds were treated to test the efficacy of fungicides against the incidence of seed 
mycoflora, seeds were treated with different doses viz., 0.5g/kg, Ig/kg, 1.5g/kg, and 2g/kg of 
fungicides namely Carbendazim and Mancozeb. Seeds were placed in 150 ml flasks with 
required doses of fungicides. The flasks were plugged and shaken for 20 minutes on the 
mechanical shaker so as to get the uniform distribution of fungicides on seed surface. The 
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seeds after fiingicidal treatment were removed from the flasks and placed in sterilized 
petridishes on moist Blotter paper and on PDA medium and incubated. Untreated soaked 
seeds served as control. After 8 days the number of seeds germination and mortality were 
observed. Frequency, relative abundance of fungi were calculated. 
3.8 BIOCONTROL TREATMENT 
3.8.1 Effect of Calotropis procera latex on seed mycoflora 
Three hundred seeds of Triticum aestivum were dipped in 100 percent concentration of 
latex of Calotropis procera obtained from different parts of the plant for 1 hour and were 
kept in petridishes on moist Blotter paper and on PDA medium and incubated in same 
manner.Fungi were isolated by Blotter method and Agar method as discussed earlier. 
Untreated seeds were also kept as control and fungi were isolated by both the methods. 
Frequency and relative abundance of fungi was calculated and percentage germination of 
seeds was recorded. 
3.9 STATISTICAL ANALYSIS 
Data recorded were analyzed statistically using SPSS 12.00 software (SPSS Inc. Chicago, 
IL, USA) wherever considered necessary. The data obtained were analyzed statistically and 
significance was calculated at/K 0.05 and /?< 0.01 levels of probability. 
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EXPERIMENTAL RESULTS 
Different techniques were employed to study the mycoflora associated with the 
varieties of wheat seeds and following results were obtained from different experimental 
studies. 
4.1 Experiment 1 
4.1.1 Inspection of dry seeds of wheat 
In dry seed examination fungal fructification such as pycnidia, cleistothesia and 
sclerotia, discolouration, mycelieal bits and other impurities as inert matter were seen by 
the naked eyes and also under the stereobinocular microscope. However, dry examination 
had its imitation for complete and accurate results. 
Seed samples were examined with naked eye and under 40x - 5 Ox magnification 
of steriobinocular for contamination and other apparent disorders like presence of 
pycnidia, sclerotia etc. Observations so recorded are given in Table 1 (a and b). 
Wheat Variety WH896 
The results presented in Table 1-a indicate the following 
1. Samples imder study contained seeds which were deformed, damaged, 
discoloured, contaminated with inert matter, and infected with mycelial fragments. 
2. 3.5 percent seeds showed discolouration. 
3. Mycelial bits and conidia were detected from 4.25 percent seeds. 
4. From 3.25 percent seeds, inert matter was detected. 
5. 8.25 percent damaged seeds were recorded. 
6. 21.25 percent deformed seeds (dwarf and wrinkled) were observed. 
7. Pycnidia, cleistothesia and sclerotia were not recorded. 
8. 7.25 percent broken seeds and 2.1 percent malformed seeds recorded. 
Wheat variety HD264 
A perusal of the table 1- b indicates the following results 
Samples under study contained seeds which were deformed, damaged, discoloured, 
contaminated with inert matter, and infected with mycelial fragments. 
1. 6.5 percent seeds showed discolouration. 
2. Mycelial bits and conidia were detected from 8.0 percent seeds. 
3. From 2.75 percent seeds, inert matter was detected. 
4. 8.2 percent damaged seeds were recorded. 
5. 16.8 percent deformed seeds (dwarf and wrinkled) were observed. 
6. Pycnidia, cleistothesia and sclerotia were not recorded. 
7. 6. 25percent broken seeds and 8.0 percent malformed seeds recorded. 
4.2 Experiment 2 
4.2.1 Examination after soaking the seeds 
According to ISTA Rules (Annonymous, 1966), the seeds are submerged in water 
or other fluid to make fruiting bodies more easily visible and to provide conditions for 
liberation of spores. In the present investigations, 300 seeds of each variety of wheat were 
submerged in sterilized water in petridishes and left for 12 hrs to swell. Seeds were then 
examined under 40x and 60x magnification of steriobinocular and later placed in drops of 
water and examined microscopically for the identification of conidia and mycelial bits. 
Floating mycelial bits and conidia of Alternaria, Fusarium, Drechslera, Rhizopus were 
found in WH896 and that of Aspergillus, Curvularia were found in variety HD264 in 
addition to the above mentioned ftmgal members. 
4.2.2 Examination of material removed from seeds by washing 
Following the ISTA rules (Aimonymous, 1966), seeds washing technique was 
employed to study the seed health. Seeds were taken in 100 ml flask to which 25 ml 
sterilized distilled water was added. The seeds were shaken vigorously on a shaker for 15-
20 minutes and washing were centrifiiged for 10 minutes. The clear supernatant fluid of 
the washing was then discarded and the residue was collected in small petridish. Twenty 
drops of the residue were examined on clean slides under compound microscope. 
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Mycelium and conidia of Alternaria alternata, Fusarium moniliforme were identified in 
variety WH896 where as in case of variety HD264 in addition to the above two fungal 
species, Drechslera was also recorded. 
4.3 Experiment 3 
4.3.1 External and internal seed mycoflora of wheat 
Blotter Method 
Wheat variety WH896 
It is evident from table 2-a that 12 fungi viz. Alternaria alternata, A. 
clamydophor, Aspergillus niger, A. flavus, Rhizopus oryzae, Rhizopus spp., Mucor spp., 
Fusarium spp., Drechslera australiensis, Penicillium spp., Curvularia lunata and 
Cladosporium were isolated from the external surface of the seeds of variety 
WH896.(Table 2-a, Fig la, Plate 1) 
For the, internal seed mycoflora, seeds were surface sterilized by dipping in 0.1% 
mercuric chloride 9 fungi viz. Alternaria alternata, A. clamydophor, Aspergillus niger, A. 
flavus, Rhizopus oryzae, Rhizopus spp. Mucor spp., Fusarium spp., Drechslera 
australiensis were identified (Table 2-a, Figlb, Plate 1). Alternaria alternata and A. 
flavus were quite common in both external and internal seed mycoflora. 
In case of external surface mycoflora highest frequency, 56.00 and relative 
abundance, 28.50 was recorded for A.alternata followed by A.niger (42.60 and 21.90) 
where as in case of internal seed mycoflora again the highest frequency 30.0 and relative 
abundance 24.60 was recorded for A.alternata followed by A.niger (29.00 and 24.36). 
Lowest fi-equency 0.33 and relative abundance 0.49 was recorded for Cladosporium, 
however this fungus was absent in surface sterilized seeds. Germination % of seeds was 
37% in external seed mycoflora and 46% in internal seed mycoflora was recorded (Table 
2-a,Figl(a,b)). 
Wheat variety HD264 
It is evident from table 2-b that 10 fungi viz. Fusarium moniliforme, Rhizopus 
spp., Mucor spp., Curvularia lunata, Drechslera spp., Alternaria alternata, Alternaria 
spp., Aspergillus flavus, A. niger and Penicillium spp., were isolated from the external 
seed mycoflora by Blotter methods in variety HD264. .(Table 2-b, Fig 2a, Plate 1) 
For the internal seed mycoflora seeds were surfaced sterilized by dipping in 0.1% 
mercuric chloride 8 fungi viz. Fusarium moniliforme, Rhizopus spp., Mucor spp., 
Drechslera spp., Alternaria alternata, Alternaria spp.. Aspergillus flavus and A. niger 
were identified . (Table 2-b, Fig 2b, Plate 1) 
Fusarium moniliforme and Alternaria alternata were quite common in both 
external and internal seed mycoflora. 
In case of external surface mycoflora highest frequency, 42.2 and relative abundance, 
28.6 was recorded for Fusarium moniliforme followed by Alternaria alternata (35.6 and 
29.1) where as in case of internal seed mycoflora again the highest frequency 35.1 and 
relative abundance 27.4 was recorded for Fusarium moniliforme followed by Alternaria 
alternata (24.1 and 16.8). Lowest frequency 2.0 and relative abundance 1.5 was recorded 
for Penicillium spp., however this fungus was absent in surface sterilized seeds. 
Percentage of germination of seeds was 40% in external seed mycoflora and 45% in 
internal seed mycoflora were recorded (Table 2-b, Fig 2 (a ,b),). 
4.4 Experiment 4 
4.4.1 External and internal seed mycoflora of wheat 
PDA Method 
Wheat variety WH896 
A perusal of table 3-a indicates that the number of fungi detected in external seed 
mycoflora in PDA method was 9 fungi viz., Alternaria alternata, A. clamydophor, 
Aspergillus niger, A. flavus, Rhizopus oryzae, Mucor spp., Fusarium spp., Drechslera 
australiensis and Penicillium spp., were identified, and in case of internal seed mycoflora 
7 fungi viz., Alternaria alternata, A. clamydophor, Aspegillus niger, A. flavus, Rhizopus 
oryzae, Mucor spp., Fusarium spp, were isolated. (Table 3-a, Fig3a, Plate 2) 
In case of external surface mycoflora highest frequency, 34.00 and relative 
abundance, 21,77 was recorded for A.alternata followed by A.niger (25.00 and 15.52) 
where as in case of internal seed mycoflora again the highest frequency 29.00 and relative 
abundance 24.30 was recorded for A.alternata followed by A.niger (12.00 and 6.80). 
Lowest frequency 1.00 and relative abundance 0.60 was recorded for D. australiensis, 
however this fungus was absent in surface sterilized seeds. Percentage of germination of 
seeds was 42 in external seed mycoflora and 48% in internal seed mycoflora was 
recorded (Table 3-a, Fig 3b, Plate 2). 
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PLATE NO. 1 
FUNGI DEVELOPED ON BLOTTER PAPER 
PLATE NO. 2 
Spores of Fusarium Myceiia and Conidia of Fusarium 
Spore of Rhizopus Spores of Drechslera 
SPORES OF DIFFERENT FUNGI DEVELOPED DURING 
EXPERIMENTAL WORK 
Wheat variety HD264 
Perusal of table 3-b indicates that the number of fungi detected in external seed 
mycoflora in PDA method was 10 fungi viz., Fusarium moniliforme, Rhizopus spp., 
Mucor spp., Curvularia lunata, Drechslera spp., Alternaria alternata, Alternaria spp., 
Aspergillus flavus, A. niger and Penicillium spp., were identified. And in internal seed 
mycoflora of PDA there were 8 fungi viz., Fusarium moniliforme, Rhizopus spp., Mucor 
spp., Drechslera spp., Alternaria alternata, Alternaria spp., Aspergillus flavus and A. 
niger were isolated (Table 3-a, Fig 4a, Plate 2). 
In case of external surface mycoflora, highest frequency, 36.2 and relative 
abundance, 24.8 was recorded for Fusarium moniliforme followed by Alternaria alternata 
(26.3 and 18.4) where as in case of internal seed mycoflora again the highest frequency 
29.1 and relative abundance 21.3 was recorded for Fusarium moniliforme followed by 
Alternaria alternata (18.2 and 10.3). Lowest frequency 1.0 and relative abundance 0.3 
was recorded for Penicillium spp., however this fungus was absent in surface sterilized 
seeds. Percentage of germination of seeds was 42% in external seed mycoflora and 46% 
in internal seed mycoflora was recorded (Table 3-b, Fig 4b, Plate 2). 
Curvularia lunata and Penicillium species were not recorded in internal seed 
mycoflora of this variety. 
4.5 Experiment 5 
4.5.1 Pathogen city Test 
Pathogenicity tests were conducted under laboratory condition 
Wheat variety WH896 
Most frequently occurring fungi were selected for pathogenicity tests. Out of 
which Alternaria alternata, Aspergillus niger, Aspergillus flavus, Fusarium monilijforme 
were tested for their pathogenic behaviour. The detailed description of symptoms 
produced by pathogenic fungi are as follows. 
Control: Percentage germination of seeds was 72. 
Alternaria alternata: Percentage germination of seeds was 45 as compared to 72 in 
control. Stunted growth of seedlings was observed. 
Aspergillus niger : Percentage germination of seeds was 58 as compared to 72 in control. 
Discolouration of seed and stunted growth of seedling was noticed in infected seedlings. 
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PLATE NO. 3 
'1 
Colonies of Fungi Developed on PDA 
Aspergillus flavus : Percentage germination of seeds was 64 as compared to 72 in control. 
Stunted growth was noticed in infected seedlings. 
Fusarium moniliforme : Percentage germination of seeds was 52 as compared to 72 in 
control. Rotting of seed and stunted growth was recorded in infected seedlings 
(Table 4-a, Fig 5, Plate 3). 
Wheat variety HD264 
Frequently occurring fungi such as Fusarium moniliforme, Drechslera 
australiensis, Alternaria alternata, Aspergillus niger, Aspergillus flavus, were tested for 
their pathogenic behaviour. The detailed description of symptoms produced by 
pathogenic fungi is as follows. 
Control: Percentage germination of seeds was 76. 
Fusarium moniliforme : Percentage germination of seeds was 50 as compared to 76 in 
control. Rotting of seed and stunted growth was recorded in infected seedlings. 
Drechslera australiensis : Percentage germination of seeds was 58 as compared to 76 in 
control. Stunted growth was observed in infected seedlings. 
Alternaria alternata: Percentage germination of seeds was 55 as compared to 76 in 
control. Stunted growth of seedlings was observed. 
Aspergillus niger : Percentage germination of seeds was 70 as compared to 76 in control. 
Symptoms were not observed. 
Aspergillus flavus : Percentage germination of seeds was 68 as compared to 76 in control. 
Stunted growth was noticed in infected seedlings. (Table 4-b, Fig 6, Plate 3). 
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PLATE NO. 4 
••^z* -^m 
Control 
Pathogenicity Test 
Reduction in percent germination and seed infection by pathogenic fungi 
4.6 Experiment 6 
4.6.1 Seed treatments 
Effect of different dose of fungicides (Carbendazim and Mancozeb) on seed 
mycoflora 
Wheat variety WH896 
On the basis of the results obtained effect of fungicides was significant against the 
seed-bome fungi. Mancozeb was found to be most effective fungicides. Different doses 
viz., 0.5 g/kg, 1 g/kg, 1.5 g/kg and 2.0 g/kg of carbendazim and mancozeb significantly 
reduced the incidence of frequently fungi like Alternaria alternata and Aspergillus niger. 
Some fimgi like A.clamydophor, Rhizopus spp, Mucor spp., Penicillium spp., C.lunata 
and Cladosporium, Alternaria spp., were inhibited by different doses of fungicides in 
case of mancozeb, as well as in case of carbendazim (Table 5 (a and b) 6 (a and b). 
Carbendazim eliminated 6 fungi similarly mancozeb eliminated 6 fungi out of 12 as 
compared to control expect of untreated seeds in wheat variety WH896. The optimum 
dose was found to be 1.5 g/kg in case of mancozeb as well as in case of carbendazim 
(Table 7- a. Fig 7(a, b) and 8- a. Fig 8 (a.b)). 
Wheat variety HD264 
In case of wheat variety HD264, carbendazim eliminated 5 fungi and mancozeb 
inhibited 6 fungi out of 10 as compared to control expect of untreated seeds (Table 7-b, 
Fig 9 (a,b) and 8-b, Fig 10 (a,b) ).The optimum dose in both the varieties as discussed 
earlier was found to be 1.5 g/kg in case of mancozeb as well as in case of carbendazim. 
Germination percentage was also increased by the treatment with both the fungicides in 
wheat variety WH896 and in wheat variety HD264. In case of wheat variety WH896 
germination percentage in (68%) on Blotter method and on PDA medium (74%) was also 
quite high then the untreated seeds (37% and 42%) and in wheat variety HD264 
germination percentage in (72%) on Blotter method and on PDA medium (80%) was also 
quite high then the untreated seeds (40% and 42%) (Table 7(a-b) and 8(a-b)). 
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Figure 7(a): Effect of optimum dose of fungicide (Carbendazin) on seed 
mycoflora variety -WH896 
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Figure 7(b): E£fect of optimum dose of fungicide (Carbendazin) on seed 
mycoflora variety - WH896 
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4.7 Experiment 7 
4.7.1 Calotropis Procera latex treatment 
Wheat variety WH896 
Calotropis latex tested proved to be antifungal and improvement in the 
germination of seeds was also recorded. Latex from other plants has been found to 
contain chemicals like fatty acid, resins, oil acid, salts, sugar etc. (Finar, 1975 and Chopra 
et al., 1980). It is likely that these compounds might be adversely affecting the growth of 
fungus (Cochrane, 1958). 
Table (9-a) indicates that the number of fungi detected from the seeds treated with 
Calotropis latex was 5 viz., Alternaria alternata, Aspergllus flavus, Aspergillus niger, 
Fusarium spp., Rhizopus oryzae as compared to 12 in untreated control. Calotropis latex 
eliminated most of the such as fungi Alternaria clamydophor, Rhizopus spp., Mucor spp., 
Drechslera australiensis, Penicillium spp., Curvularia lunata, Cladosporium. Latex 
prove to be quite effective and the result can be compared with those of fungicides. 
(Table 9-a, Fig ll(a,b)) 
The germination percentage of seeds treated with Calotropis latex was 58 in 
Blotter method and 64 in PDA method. Highest frequency value (21.1) and relative 
abundance (26.20) on Blotter method and highest frequency (16.00) and highest relative 
abundance (19.15) was recorded on PDA medium was recorded for A.alternata and 
lowest frequency (5.00) and lowest relative abundance (4.42) on Blotter method and 
lowest frequency (2.00) and lowest relative abundance (1.80) on PDA medium was 
recorded for Fusarium moniliforme on PDA medium. (Table 9-a, Fig 1 l(a,b)). 
Wheat Variety HD264 
Table 9-b indicates that the number of fungi detected from the seeds of variety HD264 
treated with Calotropis latex was 6 viz., Fusarium moniliforme, Rhizopus spp., Mucor 
spp., Drechslera spp., A.alternata, A.niger as compared to 10 in untreated control. 
Calotropis latex eliminated most of the such as fungi, Curvularia lunata, Alternaria spp, 
A. flavus, Penicillium spp., Latex prove to be quite effective and the result can be 
compared with those of fungicides (Table 9-b, Fig 12 (a,b)). 
The germination percentage of seeds treated with Calotropis latex was 60 in 
Blotter method and 72 in PDA medium. Highest frequency value (20.1) and relative 
abundance (14.6) on Blotter and highest frequency (12.5) and highest relative abundance 
(10.1) on PDA was recorded for Fusarium moniliforme and lowest frequency (0.8) and 
lowest relative abundance (7.1) on Blotter method and lowest frequency (6.2) and lowest 
relative abundance (3.1) on PDA medium was recorded for Aspergillus niger . 
(Table 9-b). 
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Chapter-5 
DISCUSSION 
Intensive agricultural development is taking place in India with a view to accelerate 
food production for feeding the ever increasing population. All available resources are being 
mobilized to set up our food production and the farmers are being advised to take up to 
scientific farming. Increased crop productivity can be achieved by using cultivars of high 
yielding varieties and avoiding crop failures. This involves the demand of better quality seed 
in terms of germination, purity and health by the farmers. Seeds carry several destructive 
pathogens that often take a heavy toll by causing severe diseases on crops raised from them. 
Seed health is, therefore, important for ensuring good plant stand and plant health. 
Wheat is the world's most important cereal being the chief source of staple food for 
about one third of the global population. Quality characters of wheat seed such as seed 
germination, moisture content, seed discolouration and seed-borne fungal prevalence have 
long been known to be influenced by various factors during storage. Wheat plants at all 
stages of growth are subject to numerous injuries and stresses, which interfere with their 
normal functioning and development. Many important diseases of plants caused by fungi 
spread through seeds (Neergaard,1977). Healthy seeds play an important role for the 
increasing successful cultivation and yield of crops. Seed-borne pathogens of wheat are 
responsible for causing variation in plant morphology and also reducing yield from 15-90% 
if infected seeds are planted in the field (Wiese, 1984).Each year about 20% of the wheat that 
otherwise would be available for food and feed is lost due to diseases (Fakir, 1999). 
Seed-borne mycoflora of wheat reported by different workers include Alternaria 
altemata, Drechslera sorokiniana, Fusarium moniliforme, F. avenaceum, F. graminearum, 
F. nivale, F. culmorum, F. equiseti, F. sporotirchioides, Cladosporium herbarum, 
Stemphylium hotrysum (Nirenberg etal, 1994; Glazek, 1999; Mirza and Qureshi, 1978). 
Seeds play a vital role in the transmission of plant pathogens causing plant diseases. 
The pathogen may be externally or internally seed-borne or associated with seeds as 
contaminant. The seed-borne pathogens may cause seed abortion, seed rot, seed necrosis, or 
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reduction in germination as well as seedling damage by systemic or local infection, resulting 
in the development of disease at later stages of plant growth. 
The cultivation of wheat is hampered due to seed-borne diseases. Keeping the 
importance of wheat for developing countries like India and also in view of the fact that quit 
little work has been carried out on the seed pathology and seed health-testing of this crop in 
India, it was considered desirable to study certain aspects of seed mycoflora so that the losses 
due to them could be minimized. 
A number of workers (Christensen, 1957; Neergaard and Saad, 1962; Christensen and 
Lopez, 1963) have indicated that no single method is adequate enough in the field of seed 
pathology for detecting all the fungi associated with seeds. In addition to ISTA techniques 
(Annonymous, 1966, 1973,1976 and 1981) used for the detection and isolation of seed-borne 
mycoflora of wheat seeds, certain techniques were modified and employed during the course 
of this work. 
Inspection of the dry seeds reveals the presence of fungal fructification such as 
pycnidia, sclerotia, damaged seed, discoloured seeds, contamination with inert material and 
infected with mycelial fragment were seen by the naked eyes and under the stereobinocular 
microscope in both the wheat varieties, however, dry examination had its limitation for 
complete and accurate results. 
Seeds of wheat when examined after soaking have been found to be infected with 
conidia of Alternaria, Fusarium, Drechslera, Rhizopus in WH896 variety and Fusarium, 
Aspergillus niger, Alternaria, Rhizopus, Mucor in variety HD264. 
Washings of wheat seeds of both the varieties with sterilized distilled water reveal the 
presence of Alternaria altemata, Fusarium miniliforme, Rhizopus, Aspergillus in WH896 
variety with higher abundance of A. altemata and Rhizopus, while A. altemata, Rhizopus, 
Fusarium moliniforme, Drechslera with greater abundance of Fusarium moniliforum. A. 
altemata and Rhizopus were found in variety HD264. Standard Blotter method 
(Limonard,1966 and Annonymous, 1976) and PDA method (Malone,1941 and Muskett,1948) 
as suggested by ISTA were used for detection of seed-borne mycoflora. 
Seed mycoflora of different varieties of wheat have been found to differ both in 
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quality and quantity. It is compared in terms of frequency and relative abundance, percentage 
of seed germination was also recorded. There has been a correlation between the number of 
fungi isolated from seeds and percentage of seed germination. Highest germination has been 
observed in the seeds where the number of fungi was lowest. 
In case of blotter method 12 fungi viz. Altemaria alternata, Alternaria clamydophor, 
Aspergillus niger, Aspergillus flavus , Rhizopus oryzae, Rhizopus spp., Mucor spp., 
Fusarium moniliforme, Drechslera australiensis, Penicillium spp., Curvularia lunata, 
Cladosporium spp. were recorded from external surface of the seeds of variety WH896. 
Where as from the internal surface (Surface sterilized seeds) 9 fungi were identified. 
Penicillium spp., Curvularia lunata, Cladosporium spp. were not found in internal seed 
mycoflora of wheat variety WH896 (Table 2-a) 
In case of PDA method, the external mycoflora consists of 9 fungi viz. A.altemata, 
A.clamydophor, Aspergillus niger, A.Jlavus , Rhizopus oryzae, Mucor spp., Fusarium 
moniliforme, Drechslera australiensis, Penicillium spp. where as the surface sterilized seeds 
give only 7 fungi. In internal seed mycoflora Rhizopus spp. ,Drechslera australiensis, 
Penicillium spp., Curvularia lunata, Cladosporium were not detected among the fungi of 
external seed mycoflora of PDA method in wheat variety WH896 (Table 3-a). 
Whereas in variety HD264, in external seed mycoflora of wheat 10 fungi viz Fusarium 
moniliforme, Rhizopus spp., Mucor spp. , Curvularia lunata, Drechslera spp., Alternaria 
alternata,., Altemaria spp., Aspergillus flavus, A. niger, Penicillium spp., were found and 
where as from the internal surface (Surface sterilized seeds) 8 fungi were identified in blotter 
method, Curvularia lunata, and Penicillium spp., were not detected in internal seed 
mycoflora of wheat variety HD264 (Table 2-b). 
In case of PDA method, the external mycoflora of this variety consists of 10 fungi viz. 
Fusarium moniliforme, Rhizopus spp., Mucor spp. , Curvularia lunata, Drechslera spp., 
Altemaria altemata, ., Altemaria spp., Aspergillus flavus, A. niger, Penicillium spp.,. and 
from the internal surface (Surface sterilized seeds) 8 fungi were identified (Table 3-b). 
Altemaria altemata, Aspergillus flavus, A. niger, , Rhizopus spp., Mucor spp. , Curvularia 
lunata, Drechslera spp., and Penicillium spp. have been found common in both the methods 
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and in both the varieties. 
These results clearly show that the seed surface of wheat is adhered by a large number of 
fungal species which can be reduced by surface sterilization of seeds before planting. 
Moreover, if we compare the two methods, more fungi were detected in case of blotter 
method. So this method is suitable for detection of fungi which remain adhere to the seed 
surface. 
As said earlier a correlation exists in number of fungi and percentage of seed germination. In 
the present study after the seed treatment the highest germination has been observed in the 
seeds of variety HD264 where the number of fungi, has been lowest. And this is the reason 
that the fungal infected seeds give poor results in the field and also in crop production. 
Fungal infected seeds transmit most of the major diseases of wheat crop. Seed-borne 
pathogens include Alternaria altemata, Fusarium graminearum, Helminthosporium sativum, 
Drechslera sorokiniana, D. tetramera, Cladosporium oxysporum and Curvularia lunata and 
storage fungi include species of Aspergillus and Penicillium (Bhutta and Hussain, 1995; Ilyas 
et al, 1998, Ijaz et al, 2001).Recently Shafique et al. (2006) have reported species of 
Alternaria altemata, Fusarium solani (Mart.) Appel & Wr., Cladosporium spp., Rhizopus 
arrizus, A. fischer and Aspergillus niger Van Tieghem from stored grains of wheat collected 
from district Sialkot. 
The results clearly indicated the specific advantage of one method over the other. 
Agar plate method was preferable for the detection of deep seated pathogen such as 
Fusarium spp. Fusarium species showed much better growth on PDA in variety HD264 and 
WH896 due to the better nutrient status of the medium. Moreover, this medium has been 
recommended by the ISTA (1976) for the isolation of Fusarium species from seeds. 
Pathogenicity tests have been carried out to determine the pathogenic behaviour of 
different fungi. Four fungi viz. Alternaria altemata, Aspergilus niger, A. flavus, Fusarium 
moniliforme have been found to produce symptoms in variety WH896 (Table 4-a) and 
Fusarium moniliforme , Drechslera australiensis, Alternaria altemata, Aspergillus niger, 
Aspergillus flams have been found to produce symptoms in variety HD264 (Table 4-b). 
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The detailed symptomatology of each fungus has been described (Table 4-a and 4-b). 
In general, the fungi reduce the germination of seeds, cause stunted growth and in certain 
cases seed and seedling rot. Highest reduction in seed germination has been noticed due to 
Altemaria altemata in variety WH896 (Table 4-a) and due to Fusarium moniliforme in 
variety HD264. (Table 4-b). 
Thus these two fungi Altemaria alternata and Fusarium moniliforme were quite abundant in 
wheat varieties and produce adverse effect on the seed germination capability and reduce the 
economic value of wheat in the market. 
The application of a seed protectant to the seeds helps in producing better emergence 
and vigorous seedlings. Seed protectant chemicals differ from crop to crop and from region 
to region. The application of chemicals to seed is a common and effective means of 
controlling majority of seed-borne pathogens. Fungicidal seed treatment may kill or inhibit 
seed-borne pathogens and may from a protective zone around seeds that can reduce seed 
decay and seedling blight caused by soil borne pathogens. The use of fungicide as seed 
treatment is the most widely followed disease control practice used in all crops (Nene and 
Thapliyal, 1979 and Sharvelle, 1979). The efficacy of various fungicide to control seed-borne 
fungal mycoflora has been reported (Misra and Singh 1972, Agarwal, 1981, Raut et al., 1983, 
Singh et al., 1984). Gupta et al., (1990) used four seed dressing fungicides against mycoflora 
associated with wheat seed. Recently in a similar study Abbas et al., (2004) have reported 
that Benlate @ 3g / kg seed is very effective to control various seed-borne fungi of wheat. 
The efficacy of different fungicides has been tested with four doses in laboratory 
against the seed mycoflora of wheat. Both the fungicides used @ 2gm per kg seed gave the 
best result with an optimum does of 1.5 gm per kg seeds and significantly increased the 
seedling emergence and reduce the mycoflora as compared to untreated seeds (control). 
Altemaria altemata, Aspergillus niger, Aspergillus flavus, Rhizopus spp, Fusarium 
moniliforme, Drechslera australiensis were detected from seeds of wheat treated with 
fungicides viz. carbendazim and mancozeb, however these fungi showed a very lowered 
frequency values. Mancozeb has been found most effective in both the varieties of wheat 
seeds as it eliminated majority of the fungi such as Altemaria spp., Rhizopus spp.,Mucor 
spp.,Penicillium spp.,C. lunata. Cladosporium spp.,.hhoxA 50% XQ&ac^Aon m the rmmhtx of 
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fungi was recorded in the seeds treated with these fungicides. The germination of seed has 
also shown improvement in both the wheat samples. 
Effect of fungicides was significant against the seed-borne mycoflora. The test 
fungicides showed variable response against the frequently occurring species such as 
Altemaria altemata in variety WH896 (Table 5-a) and Fusarium moniliforme in variety 
HD264 (Table 5-b) and lowered their fi-equency value. 
As the ill effects of chemical fungicides are well known, efficacy of plant latex was 
also tested against the seed fiingi. Latex of Calotropis procera has been found quite effective 
in controlling the seed-borne mycoflora of wheat. Calotropis procera is used in folic 
medicine because of its pharmacological activities. The active constituents reported to be 
presents in roots, stems, leaves, flowers but mainly in its latex. Different parts of Calotropis 
are used as green manure and help in controlling the alkalinity in soil in addition the leaves 
also possess antifungal properties which help in reducing growth of the fungi. The latex 
contain the calotropin, Uscharin, Calotoxin, Calactin and Uscharidin, (The wealth of India). 
Number of fiingi detected from seeds of wheat treated with latex has been 5 as compared to 
12 in control in variety WH896 (Table 9-a) and 6 as compared to 10 in control in variety 
HD264 (Table 9-b). Percentage germination of seed has also shown improvement in both 
varieties. It has been 68 % as against 37 in control in variety WH896 and 72 % as against 42 
in variety HD264. 
Germination was found to increase in both the varieties with all the treatments ( Table 10-a) 
and (Table 10-b). 
Latex from other plants has been found to contain chemicals like fatty acids, resins, 
oil, acids, salt, sugar etc. (Finar, 1975 and Chopra et al., 1980). It is likely that these 
compounds might be adversely affecting the growth of fungi as some of these compounds are 
reported to adversely affect the growth of fiingi (Cochrane, 1958), Parveen (1983) has also 
reported to control seed mycoflora of Triticale and Pennisetum by latex of Calotropis 
procera. Results are in confermity with zaidi (1984) who had controlled a number of fungi 
with the application of Calotropis latex in case of cowpea and gram seeds. 
In recent year much attention has been given to non-chemical substances for seed 
treatment to protect them against seed-borne pathogens. Chemical fungicides can control the 
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plant disease, but it has bad effects on human health, plants and animals and are also harmful 
to our environment. On the other hand, several higher plant products and their constituents 
have shown success in plant disease control and are proved to be harmless and non 
phytotoxic like chemical fungicide. From these finding it is concluded that the seed health 
testing is a primary need to avoid crop failure and it is desirable that seeds of crop plants 
should invariably be tested for seed health before planting so as to check the introduction of 
pathogens in new aeras and be treated with fungicides to attain maximum yield of crops. 
Since these pesticides are likely to be hazardous, Latex of plant parts could be employed as 
encouraging results have been obtained. 
It was therefore necessary to search for control measures that are cheap, ecologically sound 
and environmentally safe to eliminate or reduce the incidence of these seed-borne pathogens 
and for the improvement of seed quality and emergence of plants, so as to obtain healthy and 
vigorous plant as well as better yield of important crops like wheat. 
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Chapter-6 
SUMMARY 
Two different varieties WH896 and HD264 of most important cereal wheat were 
taken from around the Aligarh district for seed health testing which is very important for 
ensuring good plant stand and plant health. 
• Inspection of the dry seeds of wheat varieties WH896 and HD264 indicated that 
certain seeds were damaged, deformed, discoloured and contaminated with inert 
matter and infected with mycelial fragments. Studies of seeds of both the varieties 
after soaking and washing with water revealed that conidia of Alternaria, 
Drechslera, Curvularia, Rhizopus, Fusarium and Aspergillus were present. 
• Different varieties were foimd to differ both in quantity and quality of seed fungi. 
From Blotter method, 12 fungi from external seed surface and 9 fungi from 
surface sterilized seed were detected in variety WH896. Similarly, 10 fungi from 
external seed surface and 8 fungi were detected from sterilized seed surface in 
variety HD264. 
• From PDA method, 9 fungi from external seed surface and 7 fungi from surface 
sterilized seed were isolated from variety WH896. Similarly 10 fungi as external 
seed mycoflora and 8 as from internal seed mycoflora were isolated from variety 
HD264. 
• Penicillium spp. was foimd only from external seed surface of in variety WH896. 
On the other hand Curvularia lunata and Cladosporium spp. were not found in 
surface sterilized seed of Blotter method and external and internal seed mycoflora 
of PDA method of wheat variety WH896. 
• Cladosporium and Rhizopus oryzae were not found in variety HD264 but were 
isolated from variety WH896. Similarly, Curvularia lunata, Penicillium spp. were 
not found in internal seed of wheat variety HD264. 
• Blotter method was found better than Potato dextrose agar method to isolate the 
seed fiingi in both the wheat varieties. 
• Alternaria alternata and Fusarium moniliforme in general, out numbered all the 
other fungal species and were widely distributed in the seed samples of both 
variety of wheat. 
• Over all, the seed mycoflora of wheat variety WH896 and variety HD264 
exhibited qualitative difference. Certain fungi were isolated only from wheat 
variety WH896. Similarly some fungi were confined to wheat variety HD264 
only. 
• Pathogenicity tests were conducted under laboratory conditions. Alternaria 
alternata, Aspergillus niger, Aspergillus flavus, Fusarium maniliforme were found 
to produce symptoms in wheat variety WH896 and Fusarium moniliforme 
Drechslera australiensis, Alternaria alternata, Aspergillus niger, Aspergillus 
flavus, were found to be pathogenic and produce symptoms in wheat variety 
HD264. 
• Most of the seed fungi of both the varieties were controlled by fungicides viz., 
carbendazim and mancozeb. Mancozeb was found to be most effective fungicide 
in both the varieties. Efficacy of Calotropis procera latex was tested against the 
seed mycoflora and encouraging results were obtained. 
• Germination of seeds also improved significantly by treatments with fungicides, 
and calotropis latex. 
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